The pathogenesis of pancreatitis has remained a confused subject in spite of extensive investigation and the advancement of numerous theories. There are two main reasons for this. 1 The persistent belief that obstruction of the pancreatic duct is a major cause of pancreatitis when the bulk of experimental and pathological evidence is against this possibility. 2 The failure to distinguish between aetiological factors (alcohol, gallstones) and the mechanism by which these factors produce pancreatitis.
Thus Warren (1961a) has suggested that 'the continued search for a single aetiological agent in the genesis of acute and chronic pancreatitis is illusory': this statement is obviously correct in relation to the aetiological factors mentioned but it may not be true for the mechanism. In this paper a unifying concept of pathogenesis is presented which is compatible with known clinical and experimental facts and suggests new possibilities in the relationship between biliary tract disease and pancreatitis.
Many authors regard acute and chronic pancreatitis as different stages of the one disease (Comfort, Gambill, and Baggenstoss, 1946; Hess, 1965) : others have given evidence that these are separate entities with different aetiologies (Sarles, Sarles, Camatte, Muratore, Gaini, Guien, Pastor, and Le Roy, 1965) . In view of this uncertainty and the fact that the mechanism of pathogenesis is obscure in both instances, both types must be considered in any discussion of the pathogenesis of pancreatitis. The simplest terminology to follow is that adopted by participants in the symposium held in Marseilles in 1963 (Bockus, 1965) , namely, (1) acute pancreatitis and relapsing acute pancreatitis, and (2) chronic pancreatitis and relapsing chronic pancreatitis (chronic pancreatitis with acute exacerbations). The essential difference between 1 and 2 is the presence of permanent residual damage in both chronic varieties.
CURRENT THEORIES OF MECHANISM
Most authors consider that acute pancreatitis results ' Postal address: Commercial Road, Prahran 3181, Victoria, Australia. 296 from obstruction to the pancreatic duct in the presence of an actively secreting pancreas (Lium and Maddock, 1948; Wainwright, 1951; Dunphy, Brooks, and Achroyd, 1953; Jones, Smith, and Gregory, 1958; Johnson and Kalser, 1959; Gross and Hallenbeck, 1960; Bartlett and Nardi, 1960; Block and Paloyan, 1963; Nardi, 1963) . The evidence against this theory is as follows.
Organic obstruction of the pancreatic duct is not present in the majority of cases (Longmire and Wallner, 1956; McCutcheon, 1962 ): a recent review of 100 fatal cases of acute pancreatitis showed that an obstructive mechanism could be demonstrated in only three (Shader and Paxton, 1966) . Dunphy et al. (1953) described eight cases of postoperative pancreatitis and were able to exclude ductal obstruction in six. Rich and Duff (1936) described metaplasia of the epithelium in branches of the pancreatic duct leading to partial obstruction and dilatation of acini. Others have shown that duct metaplasia is a common finding in normal glands (Wainwright, 1951; Jones and Smith, 1952) and that it tends to produce atrophy of related acini rather than acute inflammation (Sinclair, 1959 ).
Ligation of the major pancreatic duct in cats, dogs, and rabbits produces atrophy of acini without pancreatitis (Wang, Wang, and Grossman, 1950; Wang, Strauss, and Adlersberg, 1958; Radakovich, Pearse, and Strain, 1952; Becker and Schaefer, 1957) , and it has been used to prevent haemorrhagic pancreatitis occurring in dogs with a closed duodenal loop (McCutcheon and Race, 1962) . Neoplasms of the head of the pancreas cause ductal obstruction in association with normal stimulation of the pancreas by ingestion of food and these patients rarely have concomitant acute pancreatitis (Brunschwig, 1949) . Only 15 out of 100 patients with stenosis of the sphincter of Oddi showed some evidence of pancreatitis (Cattell, Colcock, and Pollack, 1957) . Popper and Necheles (1942) produced extensive oedema of the pancreas in dogs by ligating a pancreatic duct and stimulating the gland by secretin; the oedema disappeared after four hours and haemorrhagic pancreatitis did not occur. Similar results were obtained by Radakovich et al. (1952) , by Block, Wakim, andBaggenstoss (1954) andbyPowers, Brown, and Stein (1955) . Popper, Necheles, and Russell (1948) showed that temporary occlusion of the main pancreatic artery was necessary to transform pancreatic oedema into pancreatic necrosis. Thal, Perry, and Egner (1957) have concluded that 'experiments designed to produce maximum secretory activity in the presence of complete duct obstruction have uniformly failed to produce pancreatic necrosis'. It does not seem to be generally appreciated that pancreatic oedema from duct obstruction is a different thing from pancreatic oedema due to vascular obstruction in pancreatitis.
Deliberate ligation of pancreatic ducts has been attempted in 17 patients with relapsing pancreatitis with varying success (Howard and Jordan, 1960) . The significant fact which emerged was that none of the patients developed pancreatitis in the immediate postoperative period. This would seem to be a convincing demonstration that 'obstruction of the pancreatic duct has little to do with the aetiology of pancreatitis ' (McCutcheon, 1964) .
The obstruction-hypersecretion theory fails to account for the activation of pancreatic enzymes in the presence of normal inhibitors (Dreiling, 1961) which occurs in acute pancreatitis. This problem is discussed later.
Similar facts emerge in studying chronic pancreatitis and relapsing pancreatitis. Edmondson, Bullock, and Mehl (1949) studied 62 cases of chronic pancreatitis; dilatation of the ducts was common but no evidence of stricture was found (also Berens, Baggenstoss, and Gray, 1954) . Elmslie and White (1965) did 13 operative pancreatograms in 14 patients with chronic recurrent pancreatitis and nine showed no evidence of obstruction within the pancreatic duct; they assumed that obstruction must be present at theampullary sphincter (also Pollock, 1958) . Janowitz and Dreiling (1959) noted similar findings and considered that dilatation of the pancreatic duct might be due to ectasia resulting from destruction of periductal supporting tissue similar to that seen in bronchiectasis. Janowitz and Dreiling reported three other significant facts. The total pancreatic secretion and rate of flow in patients with chronic pancreatitis are far greater than one would expect and 'in the average case this speaks against fixed obstruction to flow' (also Goldstein, Wirts, Cozzolino, and Menduke, 1964) . Biliary flow following secretin stimulation is less in normal individuals than in patients with pancreatitis, again providing no evidence of obstruction by spasm. Deliberate stimulation of the pancreas by secretin in the early stages of acute pancreatitis in man does not cause an exacerbation of the disease (Dreiling and Janowitz, 1962) .
Pancreatic duct obstruction is undoubtedly present in a number of advanced cases of chronic pancreatitis (Warren, 1959; Thal, Goott, and Margulis, 1959; Warren and Veidenheimer, 1962) . Multiple points of obstruction give the 'chain of lakes' appearance and drainage operations afford considerable relief from pain (DuVal, 1954; Silen, Baldwin, and Goldman, 1963) . The major site of obstruction is several centimetres from the duodenum and not at the ampulla of Vater. The time sequence indicates that these strictures are a result of repeated pancreatic inflammation rather than the cause. Egdahl (1964) has described this progression of events in a patient undergoing sphincteroplasty for pancreatitis; the original operative pancreatogram was normal and 12 months later, after recurrent episodes of pancreatitis, another pancreatogram showed multiple strictures of the duct (also Sarles et al., 1965) .
In view of all the evidence outlined here it is quite remarkable that the obstruction-hypersecretion theory should be considered tenable at all. The reasons for its dominance are probably the apparent lack of a better mechanism and the predominantly surgical approach to the problem of pancreatitis.
COMMON CHANNEL THEORY The theory of biliary reflux along a common channel was originally suggested by Opie (1901b) . In its more modern form (Elliott, Williams, and Zollinger, 1957) this theory proposes that pancreatic juice, passing via a common channel into the common bile duct, is activated in the bile and the bile-enzyme mixture may then infiltrate the pancreatic duct at low pressure causing haemorrhagic pancreatitis. The evidence against this theory has been summarized elsewhere (McCutcheon, 1962 and but will be stated again briefly.
A common channel does not exist in the majority of cases of pancreatitis (McCutcheon, 1962) .
The pressure within the pancreatic ductal system is higher than in the common bile duct and there is no evidence for reversal of flow if biliary pressure is artificially increased (Anderson, Mehn, and Method, 1960; Elmslie, White, and Magee, 1966) .
Biliary reflux is seen often during T-tube cholangiography and is harmless (Hicken and McAllister, 1952) ; under these conditions abnormal pressures are created at the lower end of the bile duct. In contrast, reflux of dye into the pancreatic duct rarely occurs during intravenous cholangiograms when abnormal pressures are not generated at the papilla (McDonough and Wise, 1955; Dreiling, Janowitz, and Perrier, 1964) . The assumption that bile often refluxes into the pancreatic duct under normal circumstances is therefore quite unjustified.
Many workers have shown that bile may be diverted into the pancreatic duct without causing pancreatitis, provided physiological pressures are not exceeded (Nordmann, 1913; Thal et al., 1957; White and Magee, 1960) .
Bile does not activate pancreatic proteolytic enzymes (Haverback, Dyce, Bundy, and Edmondson, 1960) .
In most cases of pancreatitis there is no evidence of obstruction at the papilla to cause reflux. Spasm of the sphincter of Oddi has been invoked as the cause of obstruction but it has been clearly demonstrated that spasm closes both ducts, making a common channel impossible (Judd, 1921; Caroli, Porcher, Pequignot, and Delattre, 1960; PaulinoNetto and Paulino, 1963) .
The creation of an artificial common channel may lead to pancreatitis in the presence of infection (Hermann and Knowles, 1965) or under circumstances which allow the activation of pancreatic enzymes (Powers et al., 1955) . The general consensus of opinion is that infection plays an insignificant role in the pathogenesis of ordinary acute pancreatitis (Ivy and Gibbs, 1952; Dreiling, 1958) .
PRESENT APPROACH If current theories are untenable a fresh approach is necessary to the problem of the pathogenesis of pancreatitis. When this study began over 10 years ago, two facts stood out.
(1) Active pancreatic enzymes could produce all the features of acute haemorrhagic pancreatitis without invoking other factors. (2) Pancreatic proteolytic enzymes were activated only by contact with duodenal secretions. Therefore reflux of duodenal contents into the pancreatic duct provided a rational and simple explanation for the activation of enzymes and the subsequent pathological changes. A search of the early literature on pancreatitis revealed that this was a rediscovery of an old idea. Opie (1901a) referred to a suggestion by Hlava that gastric juice may be driven into the pancreatic duct. Williams and Busch (1907) thought that the passage of gallstones might result in dilatation of the ampulla of Vater followed by reflux of intestinal contents; they performed a number of experiments designed to test this hypothesis. In the second edition of his book Opie (1910) discussed fully this theory and concluded that 'it is well known that increased pressure within the duodenum does not force duodenal contents into the bile duct or into the pancreatic duct after death'. At the same time Opie's common channel theory was gaining acceptance. Eve (1915) summarized the evidence against the theory of duodenal reflux, and Dragstedt, Haymond, and Ellis (1934) noted the failure to produce pancreatitis by injection of trypsinogen activating substances into the pancreatic duct. Archibald (1919) reported experiments in which he found it impossible to force fluid from the duodenum into either the common bile duct or pancreatic duct after one hour's sustained pressure. Since then the theory has been ignored except for occasional references (Joshi, Probstein, and Blumenthal, 1957) . It was revived in a recent series of papers (McCutcheon, 1962 (McCutcheon, , 1964 McCutcheon and Race, 1962, 1963) and the evidence will now be reviewed and extended.
Acute haemorrhagic pancreatitis which closely resembles human pancreatitis may be produced in dogs by creating a closed duodenal loop (Pfeffer, Stasior, and Hinton, 1957) . The loop becomes distended and haemorrhagic and the authors attributed the pancreatic lesion to vascular engorgement and obstruction. Paulino-Netto and Dreiling (1960) , using the same technique, considered that pancreatic ductal hypertension was the primary cause of pancreatitis and that vascular interference played a secondary role. McCutcheon and Race (1962) showed that the pancreatitis was due to reflux of duodenal contents into the pancreatic ducts and that it failed to develop if the pancreatic ducts were ligated; reflux of barium particles was demonstrated. Their results were confirmed by Wisniewski, Williams, and MacKenzie (1963) and by Byrne, Reilly, and Toutounghi (1964) who used gentian violet to show the reflux. More recently Strack, Dreizin, Ketyer, and Lazaro (1967) postulated a different mechanism, 'involvement of the head of the pancreas by the transudation of intraduodenal contents', but their findings are negated by the fact that ligation of pancreatic ducts prevents the development of pancreatitis in spite of the usual changes developing in the closed duodenal loop.
These experiments have proved not only that reflux of duodenal contents can occur in vivo but that such reflux may cause haemorrhagic pancreatitis. They have a peculiar significance for the human disease because pancreatitis may complicate gastroenterostomy or a Polya gastrectomy when there is obstruction of the afferent loop (Perman, 1935) . Wallensten (1958) recorded 12 deaths from acute postoperative pancreatitis out of 1,769 patients with Polya type gastrectomies, and no deaths from pancreatitis in 605 patients having Billroth I resections. The marked difference in these figures was attributed to the occasional transformation of the afferent loop into a blind sac; here the conditions are almost identical with those in the dog experiments and there is little doubt that reflux of duodenal contents into the pancreatic duct is the mechanism responsible for pancreatitis in both instances.
A fresh approach to the pathogenesis ofpancreatitis In view of the criticisms of the other theories it may be claimed that this is the first definite demonstration of a mechanism responsible for causing haemorrhagic pancreatitis in man. Numerous other examples of pancreatitis associated with duodenal obstruction could be cited (Wilkie, 1921; Perry, 1954; Dreiling, Kirschner, and Nemser, 1960) . The cases reported by Hinshaw, Carter, Baker, and Wise (1960) probably belong to this category although the pancreas was not haemorrhagic in three out of four cases. Austen and Baue (1964) found that pancreatitis did not occur following gastric resection if the duodenal stump was drained by a catheter. Byrne and Joison (1964) consider that bacteria play a primary role in the pathogenesis of closed duodenal loop pancreatitis; they found that a variety of antibiotics introduced into the loop before closure would prevent the onset of haemorrhagic pancreatitis although some changes were still seen; gentian violet had a similar effect (Byrne et al., 1964) . In these experiments, however, the pancreatic ducts were not sectioned and McCutcheon and Race (1962) have shown that they may become blocked by debris or particulate matter, thus preventing the development of pancreatitis. Another factor to consider is the possible antiproteolytic action of gentian violet and some of the antibiotic drugs. Recent experiments have shown that haemorrhagic pancreatitis is produced by the closed duodenal loop technique in germ-free dogs (Nance and Cain, 1967) .
Reflux of duodenal contents into the pancreatic duct is normally prevented by a number of mechanisms: the oblique course of the duct which bends and narrows as it passes through the layers of duodenal muscle; the constricting effect of the intestinal muscle; the sphincter of Oddi; and mucosal folds or valvules which block the entrance to the pancreatic duct. Thus distension of the duodenum for a short time, in healthy males, does not cause reflux into the pancreatic duct (Greenfield, Siegel, and De Francis, 1955) . Echenberg and Brown (1963) have described the transverse mucosal folds and pouches which are associated exclusively with the termination of the pancreatic duct: they have been noted by many authors, they occur in several species, and their function is clearly to prevent regurgitation of duodenal contents (Dardinski, 1935; Schwegler and Boyden, 1937; Kirk, 1944; Sterling, 1949; Cross, 1956; Di Dio and Boyden, 1962 ); Stensen's duct is protected in a similar fashion (Reitlinger, 1964) . The occasional absence of these folds may increase the likelihood of pancreatitis (Echenberg and Brown, 1963) .
The blind loop experiments in dogs suggested the possibility that pancreatitis might be produced by small pressure changes in the duodenum provided the duct papilla was damaged or incompetent (McCutcheon and Race, 1962) . Experiments to support this argument have been described: removal of the mucosal valvules at the orifice of the pancreatic duct (after the method of Newman, Weinberg, Newman, and Northup, 1958) allows reflux of fluid up the duct at low physiological pressures (McCutcheon, 1964) . There is much clinical evidence to show that factors which interfere with the natural mechanism preventing reflux at the lower end of the pancreatic duct may lead to pancreatitis.
Sphincterotomy is a good example; many cases of pancreatitis following this operation have been reported (Blatherwick and Pattison, 1954; Thompson and Derrick, 1957; Telford, 1958) .
Pancreatitis may follow the use of the long arm T tube of Cattell (Smith, Barker, and Kaplan, 1951; Blatherwick and Pattison, 1954 ; Thompson, Howard, and Vowles, 1957; Ponka, Landrum, and Chaikof, 1961; Glenn and Frey, 1964) . The long arm of the tube passing through the ampulla into the duodenum has two effects: it straightens the normal oblique line of the common bile duct and it acts as an internal splint preventing closure of ducts by sphincter and duodenal muscle contraction. Both of these procedures increase the possibility of regurgitation of duodenal contents into the pancreatic duct.
The association of pancreatitis with a gallstone impacted at the lower end of the common bile duct is explicable on the same basis, fixed dilatation of the duct allowing regurgitation of duodenal fluid.
Wright (1958) has reported a case of relapsing pancreatitis due to a pedunculated polyp inside the lower end of the common bile duct. Pancreatitis may occur when the pancreatic duct is invaded by an Ascaris (Schmieden and Sebening, 1928; Dragsted et al., 1934) or the papilla is dilated by granular material (Boss, 1955) .
Reflux may occasionally be related to exaggerated physiological reactions. Bergh (1942a, b) showed that a fatty meal produced relaxation of the sphincter of Oddi and that this effect was not dependent on the presence of the gallbladder. Doubilet (1958a) has stated that a fatty meal following an attack of pancreatitis is a common cause of a severe recurrence. According to Mallet-Guy (1965) Colp, 1930; Simkins, 1931; Dragstedt et al., 1934; Warren and Cattell, 1956 ). Opie and Meakin (1909) described such a case in an alcoholic patient and the only part of the pancreas which was normal was the small area drained by the duct of Wirsung. Reflux from the duodenum is the only mechanism capable of explaining the distribution of the lesion in these cases.
The role of proteolytic enzymes Over 50 years ago Polya produced acute pancreatitis by injecting small amounts of trypsin into the pancreatic duct. Rich and Duff confirmed this work and described specific vascular lesions which they found in all their cases of pancreatitis whether human or experimental; commercial trypsin injected subcutaneously in dogs produced the same vascular lesions. Keith, Barnes, and Denkewalter (1958) showed that acute pancreatitis could be produced regularly in dogs by injecting trypsin into the pancreatic interstitial tissue, but trypsinogen did not have the same effect. In contrast, some workers have doubted the importance of activation of enzymes in pancreatitis on the basis of experiments in which bile is injected forcibly into the pancreatic duct (Jenson, Imamoglu, Root, and Wangensteen, 1961; Beck, Pinter, Solymar, McKenna, and Ritchie, 1962) ; as bile does not activate trypsinogen these experiments could not be expected to prove anything. Although this experimental model is used commonly it is completely artificial and bears no relationship to the human disease. Other workers have been unable to produce pancreatitis using trypsin or enterokinase (Hansson, Lundh, and Stenram, 1961; Elmslie et al., 1966) .
Ascitic fluid from patients with pancreatitis contains active trypsin as well as amylase and lipase (Elliott, Zollinger, Moore, and Ellison, 1955) . Pancreatic juice from the inflamed pancreas has been found to contain a considerable amount of active proteolytic enzymes which tends to decrease as the patient recovers (Troll and Doubilet, 1951; Doubilet, 1958b) . It has been claimed that serum proteolytic enzyme levels rise in pancreatitis while there is a concomitant fall in antifibrinolysin levels (Elliott et al., 1955; Nardi, 1958) , but the demonstration of these enzymes in serum is difficult because of the presence of potent inhibitors (Dreiling, 1958) .
There is no doubt that proteolytic enzymes are activated in acute haemorrhagic pancreatitis and are capable of causing the important vascular changes. McHardy and his associates (1963) (Haverback et al., 1960) . The activation of trypsinogen by enterokinase is an enzymic reaction in which a peptide fraction is split off (Magee, 1962) . Thus activation is a specific and complex process in which several inhibitory mechanisms are overcome; reflux of duodenal contents into the pancreatic duct is the only satisfactory explanation for this process when it occurs within the pancreas.
The action ofpancreatic enzymes Several authors have questioned the role of trypsin, chymotrypsin, and other enzymes in producing pancreatic necrosis because they do not digest healthy living epithelial cells (Hosie and Ziffren, 1956; Reid, Paulette, Challis, and Hinton, 1958; Hansson et al., 1961; Matthews and McPhedran, 1963; Ferrini and Zito, 1961) . This difficulty is overcome by the realization that pancreatitis is not a process of autodigestion due to the action of enzymes on healthy acini. Pancreatitis results from the action of a variety of enzymes on blood and blood vessels in the interstitial tissue leading to venous and capillary thrombosis, oedema, haemorrhage, and pancreatic necrosis.
Pancreatic damage is due initially to vascular deprivation; once this has occurred the damaged or necrotic tissue is susceptible to digestion (McCutcheon and Race, 1962) . The presence of blood pigment may accelerate the destructive process (Nemir and Drabkin, 1956; Anderson, 1963) .
Many authors since Rich and Duff (1936) have stressed the importance of diffuse injury to small blood vessels in acute pancreatitis (Smyth 1940; Anderson and Bergan, 1961 ). Thal and his colleagues produced a fulminating haemorrhagic pancreatitis in rabbits, dogs, and goats by the Schwartzman phenomenon: bacterial toxin injected into the pancreatic duct at low pressures diffused rapidly through intact ductal walls to the interstitial tissue. Subsequent intravenous injection of the same toxin caused venous spasm and capillary stasis followed by vascular stagnation, oedema, necrosis, and haemorrhage (Thal and Brackney, 1954; Thal and Molestina, 1955) . In other experiments Thal, Tansathithaya, and Egner (1956) showed that the ability of certain organisms to cause pancreatic necrosis was related to their ability to produce extensive small vessel thromboses. Safadi, Lazzarini, Pfeffer, Mixter, and Hinton (1961) consider that vascular damage is the 'final common pathway' in the genesis of pancreatitis; they produced haemorrhagic pancreatitis in dogs by injecting small polythene microspheres into the superior pancreatico-duodenal artery. Thal et al., (1957) studied 42 cases of fatal acute pancreatitis and concluded that capillary and venous thromboses were the common vascular lesions in human pancreatitis (see also Popper et al., 1948; Hardaway and McKay, 1959; Anderson, 1961) .
There are many ways in which pancreatic enzymes may act on small blood vessels. Trypsin increases the permeability of pancreatic blood vessels and causes oedema (Dragstedt, 1943; Anderson and Lewis, 1965) . Trypsin accelerates blood clotting (Ferguson, Wilson, latridis, Rierson, and Johnston, 1960) . Small amounts of elastase added to plasma cause a marked shortening of the coagulation time (Marrama, Alberini, and Lapiccirella, 1960) . Elastase and collagenase may attack elastic tissue and collagen fibres (Hosie and Ziffren, 1956; Blumenthal and Probstein, 1959) . Recent work has shown that release of adenosine diphosphate (ADP) by cellular damage plays an important role in the initial stages of thrombosis (Gaarder, Jonsen, Laland, Hellem, and Owren, 1961) . The possible action of pancreatic enzymes in liberating ADP and producing platelet thrombi requires further investigation.
The mechanism of action of pancreatic enzymes outlined here requires not only the presence of active free enzymes within the ductal system but their retention for a sufficient time to allow diffusion into the interstitial tissue. Doubilet, Poppel, and Mulholland (1957) have demonstrated the increased permeability of the pancreatic duct system in pancreatitis.
It is necessary to distinguish between enzymeinduced vascular damage and primary vascular disease; infarcts of the pancreas occur as a separate entity distinct from acute haemorrhagic pancreatitis (Braasch, 1958; McKay, Baggenstoss, and Wollaeger, 1958; Telford, 1958; Boyer and McKay, 1960 ). Pagel and Woolf (1948) reported a case in which aseptic necrosis of part of the pancreas occurred due to malignant hypertension with arterial thromboses: there was no evidence of fat necrosis or diffuse haemorrhagic pancreatitis. Hranilovich and Baggenstoss (1953) studied 100 necropsy cases of malignant hypertension; they found pancreatic infarcts in seven and focal parenchymal necrosis in 21 cases. Diffuse haemorrhagic pancreatitis or necrosis was not seen and they concluded that primary vascular lesions were not important in the production of haemorrhagic pancreatitis.
The evidence indicates that primary vascular lesions cause focal rather than diffuse necrosis because they do not produce general activation of pancreatic enzymes; they are in a different category from the diffuse vascular lesions which are secondary to the action of active enzymes. The contrast between the two serves to emphasize the primary role of activation of enzymes in the pathogenesis of pancreatitis.
The role of kinins Recent work has shown that free trypsin in the pancreas releases another proteolytic enzyme, kallikrein, from its inactive precursor and this in turn acts on kinin precursors to produce powerful vasoactive substances resembling bradykinin (Frey, 1963; Forell, 1963) . Bradykinin causes vascular dilatation, increased capillary permeability, and extravasation of fluid. Blood from patients with pancreatitis and from animals with experimental pancreatitis has been found to contain similar vasoactive material (Hollenberg, Kobold, Pruett, and Thal, 1962; Thal, Kobold, and Hollenberg, 1963) . These substances are thought to be responsible for the production of hypotension, dehydration, and shock in severe pancreatitis, and a large number of papers has been published on the use of proteolytic enzyme inhibitors in experimental and human pancreatitis (Forell, 1962; McCutcheon and Race, 1963; McHardy, Craighead, Balart, Cradic, and LaGrange, 1963; Nardi, 1963; Moshal, Marks, Bank, and Ford, 1963; Schutt, Wakim, Bartholomew, Cain, and Baggenstoss, 1965) In relation to pathogenesis there is no evidence that kinins initiate pancreatitis although they are responsible for some of the clinical features; kinin production is secondary to the mechanism causing pancreatitis and is fired off by the presence of active trypsin. This process emphasizes further the basic importance of activation of proteolytic enzymes in the pathogenesis of pancreatitis.
Reflux from the duodenum into the pancreatic duct is occasionally observed during T-tube choledochograms (McCutcheon, 1964) . In a number of cases the bile and pancreatic ducts enter the duodenum separately and the pancreatic duct is outlined by dye which has first entered the duodenum (Hicken and McAllister, 1952; Caroli et al., 1960) . This has demonstrated the possibility of reflux in the presence of a relaxed sphincter and normal intraduodenal pressure.
There is a real association between peri-ampullary diverticula and pancreatitis (Herfort, Fric, and Keclik, 1963) . Ogilvie (1941) described four cases of peri-Vaterine diverticulum, three of which were associated with pancreatic necrosis; in the fourth case obstruction of the pancreatic duct was present and the result was atrophy of the pancreas, not pancreatitis.
An analagous situation exists at the lower end of the ureter where the intravesical portion acts as a 'highly specialized valve that.... prevents reflux of bladder urine into the ureter' (Hutch, 1958) . Vesico-ureteric reflux is a major aetiological factor in pyelonephritis and in hydroureter and hydronephrosis associated with upper motor neurone lesions of the spinal cord. It is an interesting fact that a small diverticulum in the region of the ureterovesical junction is often found in cases with reflux (Hutch, 1958) . Here the conditions are remarkably similar to those described by Ogilvie in relation to pancreatitis and it is likely that his three cases were due to reflux from the duodenum.
SUMMARY
The evidence presented above suggests that reflux of duodenal contents into the pancreatic duct is the mechanism responsible for activation and release of pancreatic enzymes which diffuse across the duct wall into the interstitial tissue; there they cause a varying degree of vascular damage and obstruction leading to changes which vary in intensity from oedema and haemorrhage to frank infarction. If this view of pathogenesis is correct it should also explain the relationship between pancreatitis and known aetiological factors.
ASSOCIATED AETIOLOGICAL FACTORS
These may be divided into two groups: a major group consisting of cholelithiasis, alcoholism, postoperative pancreatitis, and idiopathic pancreatitis, and a minor group containing the less common causes,hyperparathyroidism, hyperlipaemia, trauma, pregnancy, drugs, and 'hereditary pancreatitis'. Only the major factors will be considered here as these constitute the majority of cases of pancreatitis.
IDIOPATHIC PANCREATITIS Every large series of unselected cases of pancreatitis contains a group in which no aetiological factors are discoverable; the size of this group varies from 16 % to 50% of all cases (Blumenthal and Probstein, 1959; Howard and Jordan, 1960; Berman, Dunn, and Straehley, 1961; Child and Kahn, 1962; Herfort, 1963; Kaplan, Cotlar and Stagg, 1964; Mathiesen and Rasmussen, 1965; (Trapnell and Anderson, 1967) . The fact that this large group exists is worth stressing; often the impression is given that all the aetiological factors are known.
Most of these patients experience pancreatitis as a single isolated attack, for which reflux of duodenal contents would seem to be a reasonable explanation. Isolated or recurrent episodes of reflux occur at the sphincteric end of other tubes in the body and it is unlikely that the pancreatic duct would prove to be an exception. Considering the efficiency of the normal mechanism preventing reflux, isolated episodes are exactly what would be expected. It would also be expected that these episodes increased in frequency with increasing age.
PANCREATITIS AND CHOLELITHIASIS A definite relationship exists between biliary tract disease and pancreatitis because there is a high incidence of gallstones in patients with pancreatitis compared with a comparable group of patients without pancreatitis (Egdahl, 1907; Howard and Jordan, 1960; Dreiling et al., 1964) . The nature of this relationship is obscure and the 'mechanism responsible for acute pancreatitis due to stones in the nonacutely inflamed gall bladder is difficult to understand' (Albo, Silen, and Goldman, 1963) . There are three possibilities.
1 Cholelithiasis may cause pancreatitis The incidence of biliary tract disease in pancreatitis varies from 32% to 91 % (Williams and Busch, 1907; Colp, 1930; Roberts, Baggenstoss, and Comfort, 1950; O'Brien and Thayer, 1955; Thal et al., 1957; Heffernon and Cassiet, 1958; Boyer and McKay, 1960; Berman et al., 1961; Herfort et al., 1963) . According to Howard and Jordan (1960) cholecystectomy in this group tends to prevent a recurrence of acute pancreatitis (also Marks and Bank, 1963; Mathiesen and Rasmussen, 1965) . Joske (1955) confirmed the clinical association with cholelithiasis but in 14 of his cases pancreatitis persisted after removal of the stones and his figures provided 'no support for the theory that gallstones bear an aetiological relationship to pancreatitis'. Other workers have found that cholecystectomy does not necessarily prevent recurrences of pancreatitis (Probstein and Sachar, 1950; Pollock, 1958; Warren, 1961b; Glenn and Frey, 1964) .
In only 118 out of 2,653 cases collected from the literature were stones present in the common bile duct . The strong evidence against the obstruction theory leaves one possible mechanism by which calculi in this position may cause pancreatitis; by dilating and splinting the lower end of group.bmj.com on June 29, 2017 -Published by http://gut.bmj.com/ Downloaded from the duct and allowing duodenal reflux. Gallstones cause pancreatitis therefore in only a small percentage of cases. There is no mechanism by which stones in the gallbladder can cause pancreatitis, so the bulk of cases really belong to the idiopathic group.
2 Pancreatitis may cause biliary tract disease Gambill, Comfort, and Baggenstoss (1948) analysed and compared two series of patients with chronic relapsing pancreatitis, 27 with and 29 without associated disease of the biliary tract. The clinical findings and course of pancreatitis were constant and similar in each group, suggesting to Gambill and his colleagues that disease of the biliary tract was secondary to disease of the pancreas. The occurrence of acute cholecystitis in patients with pancreatitis (Ivy and Gibbs, 1952) and the presence of active pancreatic enzymes in gallbladder bile in cholecystitis (Colp, Gerber, and Doubilet, 1936) support the idea that inflammation of the gallbladder is a complication of pancreatitis (McWhorter, 1932) . Reid and Dorsey (1958) found that nine of 100 patients with pancreatitis had acalculous chronic cholecystitis and another 50 had gallstones; they suggested that pancreatitis causes compression of the end of the common bile duct, leading to stasis, biliary tract disease, and stone formation. Against this general hypothesis is the fact that biliary tract disease is much more common than pancreatitis.
A common underlying factor Both biliary and pancreatic disorders may be caused by a common underlying factor (Probstein, Gray, Sachar, and Rindskopf, 1949; Sinclair, 1959) . This is the most likely possibility and is an exciting one because of its implications for the pathogenesis of gallstones. The aetiology of gallstones is as obscure as the aetiology of pancreatitis. If both conditions are due to a common factor and if reflux from the duodenum is the mechanism responsible for pancreatitis, then duodenal reflux must be a factor in the formation of gallstones. The following evidence may be cited in favour of this hypothesis.
Inflammation of the gallbladder and stone formation occur in man and dogs following the creation of a wide opening between the common bile duct and the intestine (Large, 1957) . When the action of the sphincter of Oddi is eliminated some degree of ascending infection follows (Bergh, 1942b) . Ekman and Sandblom (1962) studied 146 patients with an anastomosis between the biliary tract and the intestine and found symptoms of cholangitis in 24%; they described four cases of cholangitis which proceeded to biliary cirrhosis and portal hypertension. Sedlack, Hodgson, Butt, Stobie, and Judd (1961) reported 15 patients with gas in the biliary tree and none of these patients had an internal biliary fistula. Most of them had chronic cholecystitis with cholelithiasis. The authors concluded that an incompetent sphincter of Oddi can permit the reflux of gas into the biliary radicles. A similar case in which reflux of barium from duodenum to common bile duct was demonstrated has been reported by Cook, Hou, Ho, and McFadzean (1954) . Other examples of biliary gas due to an incompetent sphincter of Oddi have been described by Pitman and Davies (1963) .
In many eastern countries a high percentage of biliary calculi are parasitic in origin and associated with a variety of intestinal infections. Maki (1961) found parasitic elements (eggs or fragments of cuticle) at the centre of stones in more than 600% of cases in Japan. Recent chemical and bacteriological analysis of a series of gallstones in a western community showed a high percentage in which organisms, especially actinomyces, could be demonstrated (Rains, Barson, Crawford, and Shrewsbury, 1960) . The authors regarded this as evidence for the theory of blood-borne infection causing a gallbladder lesion and stone formation. The organisms concerned are found normally in the oral-gastrointestinal tract and could provide a nidus for stone formation without causing cholecystitis if they gained direct access from the bowel via reflux of duodenal contents.
The common facetted multiple gallstones have a soft centre which often contains a protein substance resembling fibrin; Womack, Zeppa, and Irvin (1963) have suggested that these calculi originate from the fragmentation of a pultaceous mass. Reflux of duodenal contents containing protein and fibrous matter provides an explanation for the apparent 'seeding' of multiple gallstones of similar size at the one time. Acidification of bile causes precipitation of bile salts and cholesterol (Andrews, Schoenheimer, and Hrdina, 1932) . The entry of acid chyme into the bile duct would also explain the occurrence of 'biliary mud'. Jessen (1961) reported 30 Korean patients with biliary stones and 24 had calculi in the common bile duct without any stones in the gallbladder. Five patients had a dilated orifice at the ampulla of Vater and 'in no case was a stricture encountered in this region'.
The evidence outlined above indicates the importance of a competent emptying mechanism at the lower end of the bile and pancreatic ducts in preventing biliary tract disease and pancreatitis respectively. Reflux of duodenal contents is therefore an attractive hypothesis; it explains the relationship betwen pancreatitis and biliary tract disease, it suggests a mechanism for gallstone formation and it could be extended to cover problems relating to the post-cholecystectomy syndrome and the re-formation of stones in the biliary tree after adequate cholecystectomy and exploration of the common bile duct. The pancreatic duct with its mucosal folds is better protected than the common bile duct against duodenal reflux, and this would account for the much lower incidence of pancreatitis compared to gallbladder disease.
PANCREATITIS AND ALCOHOL Alcohol is particularly related to chronic relapsing pancreatitis (Probstein and Sachar, 1950; Jones and Smith, 1952; Cattell and Warren, 1953; Warren, 1959; Gambill, Baggenstoss, and Priestley, 1960; Bartlett and Nardi, 1960; Gross and Hallenbeck, 1960) , and a feature of this group of cases is the relative absence of gallbladder disease (Clark, 1942; Edmonson et al., 1949; Waugh, 1959; Howard, 1960; Boyer and Mackay, 1960) . The condition follows heavy drinking (usually including spirits) over a long period of time (Howard and Ehrlich, 1961; Marks and Bank, 1963; Herfort, 1963) . Excess alcohol ingestion is by far the commonest cause of pancreatic lithiasis (Paulino-Netto, Dreiling, and Baronofsky, 1960) . Dreiling, Richman, and Fradkin (1952) suggested that alcohol caused pancreatitis by stimulating pancreatic secretion and by obstructing the pancreatic duct, the latter being due to spasm and oedema of the duct papilla. Menguy, Hallenbeck, Bollman, and Grindlay (1958) have shown that intraduodenal alcohol causes a rise in pancreatic intraductal pressure due to increased resistance of the sphincter mechanism (also Walton, Schapiro, Yeung, and Woodward, 1965) . Warren and Veidenheimer (1962) believe that intrapancreatic obstruction of the major pancreatic ducts is responsible for recurrent attacks but Sarles and his associates (1965) have shown that stenosis of the duct of Wirsung is not present in the earlier stages of alcoholic pancreatitis. The strong arguments against the obstruction-hypersecretion theory are also against these views. Myers and Keefer (1934) suggested that vomiting due to alcohol might cause regurgitation of duodenal contents and pancreatitis. They quoted some cases of pancreatic necrosis which followed vomiting due to general ether anaesthesia (Cracovaner, 1933) . Mann and Giordano (1923) described the enormous rise in bile duct pressure produced by retching in animals; however, they felt that these mechanically induced changes could be ignored because the abdominal pressure must be the same throughout the peritoneal cavity. More recently Smith and Brizzee (1961) , using a cine-radiographic technique in cats, described a unique type of prolonged contraction in the duodenum which occurred just before the act of vomiting. It is possible that these contractions could increase the intraduodenal pressure and provide a strong pressure gradient from the duodenum to the pancreatic and biliary ducts. This would not by itself cause regurgitation of duodenal contents in view of the normal protective mechanisms at the lower end of the pancreatic duct, and would not explain the majority of cases of chronic alcoholic pancreatitis. Sarles' group (1965) have emphasized the profound clinical, pathological and functional differences between relapsing acute pancreatitis and chronic alcoholic pancreatitis; the former tends to resolve completely and rarely progresses to the chronic stage. They consider that chronic alcoholic pancreatitis is a separate entity in which the initial lesion may be obstruction 'of the finer pancreatic ducts by a gel which seems to represent the precursor of calcification'. In their careful study they found no evidence of protein deficiency and they discuss other possible mechanisms, including the unmasking by alcohol of a genetic defect.
Many of the differences outlined by Sarles may be due simply to the fact that the aetiological agent is acting constantly in alcohol pancreatitis; the gland has no chance to recover and repeated inflammatory episodes lead to major duct obstruction with multiple calculi forming behind the obstruction. Expressed in another way, chronic calcific pancreatitis is almost always due to chronic alcoholism because we know of no other agent which acts so continuously. The mechanism of production may be the same, however, and brought about as follows.
Alcohol has a marked irritant action on mucosae and may cause oedema of the duodenum (Boba, Stein, Nakamura, and Powers, 1957) . In a similar anatomical situation at the lower end of the ureter (Hutch, 1958) oedema of the bladder wall from infection causes reflux of urine up the ureter; reflux may also be induced experimentally by promoting mucosal oedema round the orifice of the ureter (Auer and Seager, 1937; Jacobsson and Sundin, 1963) . It is possible that alcohol may act in a similar way at the ampulla of Vater allowing reflux of duodenal contents.
Damage to the mucosal valvules near the entrance of the pancreatic duct or to the nervous innervation of the papilla are other possibilities; an atonic sphincter mechanism increases the likelihood of duodenal reflux. Baker and Boles (1955) described three cases of pancreatitis in which the common bile duct was empty and dilated above a dilated atonic sphincter of Oddi and without any evidence of obstruction. Much more knowledge of the microanatomy of this region in alcoholic pancreatitis is needed before these ideas can be accepted or rejected.
There is no doubt that all grades of severity of pancreatitis from acute to chronic may be caused by alcoholism so that the spectrum of changes seen reflects the duration of action of the aetiological agent; the differences are in degree rather than in kind.
POSTOPERATIVE PANCREATITIS Postoperative pancreatitis occurs most commonly after gastric resections or biliary tract operations in which the common bile duct is explored, and the mortality rate is high (Boles, 1956; Howard and Jordan, 1960; Berman et al., 1961; Warren, 1961a) . Direct surgical trauma to the pancreas and its ducts is generally considered to be the main cause (Burton, Eckman, and Haxo, 1957; Cattell and Braasch, 1961) although this traditional view has been challenged by Warren (1954) and others (Foster and Ziffren, 1962; McCutcheon and Race, 1962) . Warren (1954) described seven cases of severe pancreatitis following gastrectomy which could not be attributed to surgical trauma and contrasted them with five cases in which the pancreatic duct was divided accidentally without causing pancreatitis.
Pancreatitis is much more common after a Polya gastrectomy than a Billroth I procedure (Wallensten, 1958; Saidi and Donaldson, 1963) . The evidence that this is due to reflux from the duodenum has been described fully elsewhere (McCutcheon and Race, 1962) . Many patients with the obstructed afferent loop syndrome and pancreatitis have been described (Perry, 1954; Noring, 1958; Blomquist, 1963; Dahlgren, 1964) ; sometimes the pancreas appears to be normal (Thal and Perry, 1956 ). Dreiling et al. (1960) recorded six cases of chronic duodenal obstruction with pancreatic inflammation; one was due to a carcinoma of the third part of the duodenum and at necropsy the pancreatic duct was dilated and opened into the duodenum separately from the common bile duct.
Chronic pancreatitis and pancreatic atrophy with steatorrhea have been reported after Polya gastrectomy (Herner and Ysander, 1960; Wilson, Loach, and Bogoch, 1962) . This is of considerable interest because McCutcheon and Race (1962) found that in a few dogs with a closed duodenal loop pancreatitis did not occur due to early obstruction of the main pancreatic duct. The same complication must occasionally occur in man with an obstructed afferent loop and the long-term result would be pancreatic atrophy and steatorrhoea.
Reid and Dorsey (1958) described four patients who developed acute haemorrhagic pancreatitis after exploration of the common bile duct. Thompson et al. (1957) (Ponka et al., 1961) . Cattell and Braasch (1961) , however, had a similar incidence of postoperative pancreatitis (099%) whether or not the long arm T-tube was used. Another considerable group of cases of pancreatitis occurs after sphincterotomy (Blatherwick and Pattison, 1954; Deucher, 1957; Walters, Tama, and Magisano, 1961; Warren, 1961a; Nugent, Warren, Jonasson, and de Paredes, 1964) .
In all these cases involving instrumentation of the lower ends of the bile and pancreatic ducts it is likely that interference with the normal mechanism preventing reflux of duodenal contents is responsible for the development of pancreatitis.
There is some evidence that general anaesthesia relaxes the region of the ampulla of Vater. Caroli et al. (1960) have studied the function of the human biliary tract using cineradiography; they found that the best reflux of dye into the pancreatic duct occurred when general anaesthesia was used. Splanchnic anaesthesia and trinitrin also produce relaxation of the sphincter of Oddi (Urrutia and Lavezzo, 1951) . By facilitating reflux from the duodenum these factors could explain the occurrence of pancreatitis after operations in other areas, notably transurethral resection of the prostate, where there has been no possibility of trauma to the pancreas (Renner, 1951; Frieden, 1956; Ferris, Lynn, Cain, and Baggenstoss, 1957; Foster and Ziffren, 1962; Levine, Gambill, and Greene, 1962; Frey and Beal, 1963) . DISCUSSION A concept of pathogenesis has been presented which explains the pathological changes of pancreatitis and the relationship between these changes and known aetiological factors. When it is applied to the literature on the subject, the experimental evidence begins to make sense and a wide variety of case reports can be understood, particularly in relation to postoperative pancreatitis, sphincterotomy, long arm T-tubes, stones impacted at the lower end of the common bile duct, and periampullary diverticula. Two further examples show how the mechanism of duodenal reflux explains the occurrence of pancreatitis.
1 Sinclair (1959) described a case in which the main pancreatic duct was obstructed by a stone 6 cm from the tail; the duct behind the stone was greatly dilated but pancreatitis was confined to the other part of the gland with free drainage into the duodenum. The stone evidently protected the distal part of the gland from reflux.
2 Pancreatitis and calculous cholecystitis occurred together in five patients in whom the duct of Santorini was the principal pancreatic duct; the duct of Wirsung was absent Activation of pancreatic enzymes is a specific and complex process initiated by contact with duodenal secretions containing enterokinase.
Reflux of duodenal contents into the pancreatic duct is the only mechanism capable of explaining the activation of enzymes and the subsequent pathological changes. The enzymes diffuse into the interstitial tissue where they cause diffuse vascular damage. Oedema, haemorrhage, and necrosis of acinar tissue are initially due to ischaemia.
The experimental, pathological, and clinical evidence in favour of this hypothesis is presented. Experimental proof has been obtained that reflux from the duodenum in vivo causes haemorrhagic pancreatitis. Reflux has been demonstrated under various conditions: with increased intraduodenal pressure and a normal papilla of Vater; with normal intraduodenal pressure and a relaxed sphincter; with relatively low intraduodenal pressure and a damaged papilla of Vater.
The present hypothesis is compatible with known aetiological factors in pancreatitis: as an occasional event it accounts for the 'idiopathic' cases which form a considerable group in any large series; it explains postoperative pancreatitis, particularly where the normal mechanisms preventing reflux at the lower ends of the bile and pancreatic ducts have been interfered with; in alcoholic pancreatitis it is suggested that oedema of the papillary region or atony of the sphincter predispose to reflux; finally it explains the relationship between biliary tract disease and pancreatitis in a way which may lead to an understanding of the pathogenesis of gallstones.
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